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T unnelled pleural catheters are an alternative to chemical pleurodesis for managing recurrent malignant pleural effusion 1 and are recommended by current international guidelines. 2, 3 Patients can be treated as outpatients and can avoid hospital admissions associated with chemical pleurodesis. 4 Tunnelled pleural catheters are also effective in the setting of trapped lung. 5 Although about 46% of patients eventually achieve pleurodesis and their tunnelled pleural catheter can be removed, 6 the mechanism by which this occurs is unclear. One study assessing factors that predict pleurodesis of tunnelled pleural catheters in patients with malignant pleural effusion showed increased rates of pleurodesis with the absence of chest wall irradiation, positive findings on cytologic examination, breast and gynecologic cancers, and complete reexpansion of the underlying lung. 7 It is important to recognize clinical factors associated with earlier or delayed pleurodesis, as this allows physicians to personalize treatment of malignant pleural effusion. Patients also frequently ask about the duration of tunnelled pleural catheter placement. Furthermore, there are economic implications of pleurodesis timing, because tunnelled pleural catheters have ongoing drainage costs the longer they are in place. 8 The present study aimed to identify clinical factors associated with higher rates of pleurodesis after insertion of a tunnelled pleural catheter and earlier catheter removal.
Methods
We performed a retrospective review of a prospectively collected database of tunnelled pleural catheters inserted for Clinical predictors of successful and earlier pleurodesis with a tunnelled pleural catheter in malignant pleural effusion: a cohort study OPEN Research treating confirmed malignant pleural effusion at The Ottawa Hospital. We evaluated the cases of catheters that were consecutively inserted from May 2006 to June 2013. We assessed data for up to 3 years after catheter insertion to allow ample time for the catheter to achieve pleurodesis. We collected common clinically relevant variables, including baseline Eastern Cooperative Oncology Group (ECOG) Scale of Performance Status grade, baseline and transition dyspnea index, complications, pathological findings, pleural fluid analysis at the time of catheter insertion and chest radiology data. Chest radiographs were assessed at baseline, within 24 hours after catheter insertion and at catheter removal. The degree of lung expansion was recorded as more than 80%, 51%-80%, 30%-50% or less than 30%.
Definitions of outcomes
The primary outcomes were rates of, and days to, pleurodesis. To meet our standard definition of pleurodesis, tunnelled pleural catheters had to have minimal drainage (< 50 mL) with 2 consecutive drainages and a lack of increase in pleural effusion size on subsequent chest radiographs. Complete pleurodesis was defined as lung expansion greater than 80% at the time of catheter removal, versus 80% or less for partial pleurodesis. Catheters removed for another reason, such as dislodgement, were excluded from the final analysis of pleurodesis. Catheters that did not meet our criteria for pleurodesis and cases in which the patient died before catheter removal were considered failure of pleurodesis.
Clinical practice
Patients with suspected or confirmed malignant pleural effusions were referred to our clinic and were assessed for tunnelled pleural catheter insertion by interventional pulmonologists. Tunnelled pleural catheters (PleurX, BD) in our centre were inserted in an outpatient clinic, in the inpatient ward or at the time of medical thoracoscopy in the endoscopy suite. Pleural fluid was drained by vacuum bottles until there was no further drainage or as tolerated by the patient. Home care nursing services were arranged to perform drainage 3 times a week up to 1 L maximum. All patients were followed at 2 weeks in the pleural effusion clinic, and subsequent follow-up was arranged every 8 weeks. The catheter was kept in place until the amount drained was less than 50 mL on 2 consecutive drainages and there was no increase in pleural effusion size on follow-up chest radiology. At catheter removal, the skin was cleaned and draped in a sterile fashion. Lidocaine was used to anesthetize the insertion site, and the catheter was dissected out and removed.
Some patients underwent outpatient medical thoracoscopy for diagnosis or tissue acquisition for ancillary testing. The procedure was performed in the endoscopy suite with moderate conscious sedation. Ultrasonographic guidance was used to mark an appropriate entry site, the skin was anesthetized with lidocaine, Kelly forceps were used to dissect to the pleural space, and an 8-mm disposable trocar was inserted. A semirigid pleuroscope (Olympus LTF-160) was inserted through the trocar, and all the fluid was aspirated. Parietal pleural abnormalities were biopsied. A tunnelled pleural catheter was inserted at the end of the procedure. The catheter was connected to a water seal suction device at -20 cm of water, followed by -40 cm of water. The catheter was disconnected when no further air leak was noted. Patients were discharged home after they had been observed for 2 hours and had a postprocedure chest radiograph that showed stable lung expansion at 2 hours.
Statistical analysis
We analyzed the data using SAS version 9.4 statistical software (SAS Institute). We determined the associations of clinical variables with pleurodesis by univariate and multivariate logistic regression for both categorical and continuous variables. We further assessed categorical variables using the χ 2 test and compared medians using the Mann-Whitney test. Significant continuous variables by multivariate analysis were assessed by receiver operating characteristic analysis, and the highest predictive accuracy was used as the threshold value. We analyzed the associations of clinical variables with days to pleurodesis using Cox regression. Variables that were significant at a 5% significance level were retained in the final multivariate regression models. Adjusted odds ratios (ORs) and 95% confidence intervals (CIs) were calculated. 
Results
We reviewed the cases of 1128 tunnelled pleural catheters. We excluded 57 catheters because of removal for mechanical failure, kinking of the tube, chemical pleurodesis or substantial missing data. Thus, 1071 catheters in 956 patients were included in the final analysis of pleurodesis. Baseline demographic and clinical characteristics are shown in Table 1 .
Univariate analyses
Rates of pleurodesis and days to pleurodesis by tumour type are shown in Table 3 . Clinical factors significantly associated with higher rates of pleurodesis were ECOG Scale of Performance Status grade, medical thoracoscopy, protein level, albumin level, percent lymphocytes and percent eosinophils. Percent neutrophils and percent other cells on cell count were associated with lower rates of pleurodesis.
Lung expansion and hydropneumothorax
The interaction between degree of lung expansion and hydropneumothorax on the postinsertion chest radiograph was further assessed with the χ 2 test. Among patients with hydropneumothorax after insertion, the lower the degree of lung expansion, the lower the rate of pleurodesis (Table 4) . Among patients with hydropneumothorax and less than 30% 
Multivariate analyses
Results of multivariate logistic regression analysis to investigate the relation between clinical factors and rates of pleurodesis are given in Table 5 . Increased rates of pleurodesis were significantly associated with lymphoma, ovarian cancer, ECOG Scale of Performance Status grade of 2 or less, medical thoracoscopy, protein level, albumin level and percent eosinophils. Reduced rates of pleurodesis were associated with gastrointestinal cancers, the presence of hydropneumothorax on the postdrainage chest radiograph and percent other cells on cell count. Threshold values for continuous variables with the highest accuracy for predicting pleurodesis were protein level 44 g/L or greater, albumin level 25 g/L or greater, percent eosinophils 6% or greater, and percent other cells 0% (Table 6) .
Results of the multivariate Cox regression analysis to investigate the relation between clinical factors and days to pleurodesis are shown in Table 7 . Factors significantly associated with earlier pleurodesis were ovarian cancer, medical thoracoscopy, protein level and percent eosinophils. Factors associated with delayed pleurodesis were breast cancer and percent other cells on cell count. Hydropneumothorax was not significant in this model, and an alternative multivariate Cox regression was performed that combined hydropneumothorax with degree of lung expansion into 1 variable. In this final model, hydropneumothorax with 80% or less lung expansion was found to be associated with delayed pleurodesis (hazard ratio 0.55, 95% CI 0.38-0.80). 
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Complications
The study complications are listed in Table 8 . The most common complications were loculation requiring a fibrinolytic (4.2%), dislodgement of the catheter (1.5%) and pleural infection (1.2%). Fibrinolytic use was not associated with pleurodesis. One patient had a fractured and retained catheter, which occurred when the patient tried to remove it herself. There were no cases of death associated with catheter insertion. Thirty-two patients (3.3%) had recurrence of pleural effusion after catheter removal and needed catheter reinsertion.
Interpretation
We found that patients who had combined medical thoracoscopy and tunnelled pleural catheter insertion had significantly higher pleurodesis rates and earlier catheter removal than patients with only catheter insertion. The observed rate of pleurodesis appears to be comparable to, if not greater than, reported rates for chemical pleurodesis. 3 We believe that pleural biopsy, minor bleeding and introduction of air into the pleural space result in inflammation and facilitate pleurodesis. Combined insertion of a tunnelled pleural catheter and medical thoracoscopy has been described and facilitates safe same-day discharge. 9, 10 Medical thoracoscopy may also be combined with talc pleurodesis 11 if earlier pleurodesis is desired or if catheter removal is expected to be delayed. Combined outpatient medical thoracoscopy and insertion of a tunnelled pleural catheter should be strongly considered as the diagnostic and therapeutic approach for patients suspected to have malignant pleural effusion in whom the cytologic findings are nondiagnostic and for those in whom more tissue is required for ancillary testing.
As expected, patients with hydropneumothorax after insertion of a tunnelled pleural catheter had lower pleurodesis rates than those without hydropneumothorax, likely owing to the presence of trapped or entrapped lung. However, patients with hydropneumothorax and more than 80% lung expansion had higher pleurodesis rates than patients with no hydropneumothorax and more than 80% lung expansion in univariate analysis. One explanation for this finding is that the inflammatory pleural process that results in lung entrapment is the same process that results in pleurodesis, and adequate lung expansion allows the potential for adequate visceral and parietal pleural apposition. The mediastinum and diaphragm may shift slightly to facilitate pleural apposition. The simple presence of air in the pleural space may contribute to an inflammatory process to facilitate pleurodesis. Pneumothorax is a known cause of eosinophilic effusion, 12 and pleural eosinophils were associated with successful pleurodesis in our study. Patients with hydropneumothorax and 80% or less lung expansion had delayed catheter removal. This finding may be explained by the fact that the pleural space of nonexpanding lungs continues to reaccumulate fluid after fluid removal. Eventually there is partial pleurodesis, loculation may develop, and the catheter stops draining.
We found that lymphoma and ovarian cancer were associated with higher pleurodesis rates in multivariate analysis. Ovarian cancer was associated with earlier catheter removal. Although breast cancer was not associated with higher pleurodesis rates, it was associated with delayed pleurodesis. These findings may reflect varying responses to chemotherapy. For example, patients with lymphoma or ovarian cancer may have an effective and rapid response, whereas those with breast cancer may have a delayed response. The type of systemic therapy may also have an impact. For example, patients with metastatic breast cancer are often treated with endocrine therapy, which may result in slower responses than chemotherapy. 13 Similarly, patients with lower ECOG Scale of Performance Status grades had higher pleurodesis rates than did patients with higher grades, possibly related to chemotherapy, in addition to surviving long enough to allow pleurodesis to occur.
Our findings that breast cancer and positive results on cytologic examination were not associated with increased pleurodesis rates are discrepant with the results of a smaller study conducted between 1998 and 2006. 7 In fact, we found that breast cancer was associated with delayed catheter removal. The discrepancy may be related to differences between the cohorts in the use of chemotherapy or to the advent of newer targeted 14 Alternatively, the difference may be due to statistical chance. In our study, positive cytology findings approached statistical significance (OR 0.797, 95% CI 0.620-1.025). The discrepancy may be due to the fact that our study included cytology results only at the time of catheter insertion and not at the time of prior thoracentesis. Also, the percent other cells on the cell count in our study was associated with reduced rates of pleurodesis and delayed pleurodesis. Percent other cells is nonspecific but may suggest the presence of malignant cells in the pleural fluid, although insufficient in number to confirm malignant pleural disease. Regarding fluid analysis, we found that pleural protein level and percent eosinophils predicted higher pleurodesis rates and earlier pleurodesis. The predictors of failed chemical pleurodesis in prior studies included low pH, 15, 16 lung cancer and tumour burden. 17 The differences in predictive variables between chemical pleurodesis and that achieved with tunnelled pleural catheters suggest different mechanisms of pleurodesis.
Limitations
Our study has several limitations. First, many patients died before the outcome of catheter removal was reached. Thus, true pleurodesis rates may have been underestimated. This may explain why the pleurodesis rate in patients with gastrointestinal cancer was only 18%. Second, although it is possible that our patients had catheter removal related to chemotherapy effect, we believe that many of these patients still achieved pleurodesis, because the rate of recurrence of pleural effusion was only 3%. Third, there were other, complex variables not assessed, such as timing and types of chemotherapy and radiotherapy, anti-inflammatory therapy and nonroutine blood tests such as those for inflammatory markers. Future studies assessing these variables may be useful.
Conclusion
Clinicians must consider numerous factors to predict the likelihood of and timing to pleurodesis with tunnelled pleural catheters. In the current study, medical thoracoscopy, ECOG Scale of Performance Status grade of 2 or less, lymphoma, ovarian cancer, protein level, albumin level and percent eosinophils all predicted higher pleurodesis rates. Gastrointestinal cancer, hydropneumothorax on the postdrainage chest radiograph and percent other cells on cell count predicted lower pleurodesis rates. Earlier pleurodesis was associated with medical thoracoscopy, ovarian cancer, higher pleural protein level and percent eosinophils. Delayed catheter removal was associated with breast cancer, hydropneumothorax with 80% or less lung expansion and percent other cells on cell count. In patients who require tissue biopsy, we favour combined outpatient medical thoracoscopy and tunnelled pleural catheter insertion. In patients who are expected to have a lower probability of pleurodesis or to keep their catheter for a longer duration, chemical pleurodesis could be considered. Future comparative studies factoring in predictors of pleurodesis should be done to predict costs between different approaches in managing malignant pleural effusion.
